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I. Project Summary

The Stable Floating Platform Program was initiated for the
purpose of advancing the technology by designing, building, and
demonstrating the feasibility of large stable floating platforms
in the open sea,

During the prior reporting periods, efforts involved the
exploration of a number of ocean platform concepts. Before the
end of 1970 a general configuration for the platform was selected
and broad design specifications were set forth,

Now, the preliminary design study has been essentially
completed. A subcontract for the design of the platform has been
awarded to the naval architectual firm of L. R. Glosten and
Associates, Inc. A review of the design concepts was held during
June 1971 (see detailed report) and activities are now directed
towards the preparation of the final design and specifications.

The basic concept will be comprised of a four-legged platform
made up at sea from two twq-legged modules, each module consisting
of a pair of FLIP-type legs rigidly connected to each other and
supporting a superstructure platform on a trunnion so that it
(the platform) remains essentially horizontal as the legs are
changed from the horizontal to the vertical attitude.

The design package for bidding purposes will be completed
during the next reporting period with contract award for the

construction due in January or February 1972,

I1I. Technical Report
A. History - The Stable Floating Platform design work until

late in 1970 involved the exploration of a number of ocean

platform concepts. In November 1970, a general configuration
T 7
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for the platform was selected and broad design specifications
were set forth, The preliminary design study is now essentially
completed,

B. Design Review - A design review and critique of the Stable

Floating Platform Program was held at Scripps Institution of
Oceanography on June 8 and 9, 1971, Selected to serve on the
panel were members with expertise in the fields of naval
architecture, structures, concrete, and marine engineering, The
program history, concepts, and design were presented by Secripps
personnel and the Scripps' contracted naval architect along with
his associates for concrete and mechanics. The review panel

members were:

Mr, J.N. Donhaiser Private Consulting Structures and Sea
Engineer Operations

Dr. C,E. Grosch ARPA Consultant Hydrodynamics

br. L.R, Hafstad Vice President-Research, General Science

General Motors, (Retired) & Engineering

Prof., P. Mandel Massachusetts Institute Naval Architect
of Technology

Prof. D. Pirtz University of California Concrete Specialist
Berkeley

Admiral C.D, Wheelock USN (Retired) Naval Architect

A report on this review and critique is currently being prepared and

will be published in the near fucure,

C., Design Specifications

1, The basic concept would comprise a four-legged platform
(Figure 1) made up at sea from two two-legged moduiles, each module

consisting of a pair of I'LTP-type legs rigidly connected to each

8
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other and supporting 2 superstrucrure platform on a trunnion so

that it remains essentiallyv ievel as the legs are changed from

the horizontal to the vertical attitude.

2. Draft on station to be about 280 feet,

3. Overall breadth to he 100 feet,

4, Module "pitch" (distance between pairs of legs) to be about
100 feet,

5. Total payload for complete platform to be 500 tons. Payload
to include all scientific equipment but not the basic ship
machinery, outfit, and "hotel" equipment.

6. Total cost of two modules and connection devices not to
exceed $4,000,000, The cost consideration has been
considered to be overriding. It has been recognized as
being extremely tight and restrictive on the one hand, but
of value in demanding engineering discipline on the other,

7. Platform to have a capability of operating with 40-foot
clearance above still water to permit the passage of an

80-foot wave,

D. Use of Concrete for Leg Structure - In addition to the

specifications listed, it was understood that the already established
objective of using postensioned concrete to the greatest extent
possible as the structural material for the legs would prevail.

At the beginning of the preliminary design study, certain
specific and challenging engineering problems were recognized:

1. The optimization of leg size and proportions.

2. The design of a linkage system to connect the modules,

3. The design of the superstzyp;ure trunnion bearings.,

9
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4. The calculation of responses of the platform inodules to

seil conditions in both horizontal and vertical modes,

. Desipgn Responsibility - In approaching these problems, it was

recopguized that expertise was needed in addition to that within
Scripps and at L. R, Gilosten & Associates, 1nc. Accordingly, the
firm of Skilling, llelle, Christiansen, Robertson was retained as a
consultant in concrete technology and structures, and the firm of
lHarold West was retained as a consulrant in mechanical engineering.

Scripps Insritutrion has continned to provide the expertise with
regard to the ocean envirommert¢ and has continued under the direction
of Dr, P, Rudnick to make the analyses of responses, forces, and

moments,

I'e Desipgn Considerations - The first of the problems to be

attacked was the optimization of leg size and proportions. Given
the past experience with FLIP, it might be expected that this
question could be quickly disposed of, However, always bearing in
mind the overriding constrainst of our monetary budget, it was found
that as compared to ILLIP, the following factors complicated the
problem:
I+ The use of concrete resilted in a weight of primary structure
roughly twice as great as could be achieved uising steel,
2, The combined weight of payload and superstructure was large.
3, The center of gravity of the combined superstructure and
pavload was quite high above the waterline in the vertical
mode,
he functional requirements of the legs in the vertical mode are in

conflict with the necessity that thei operate as a catamaran hull
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while travelling across the ocean in the horizontal mode. The
desired vertical characteristics of motion stability and resistance
to external heeling forces would indicate a relatively long slender
leg with a concentration of solid ballast in the bottom. When
travelling in the horizontal mode the legs must be able to resist
the longitudinal bending moments and torsions imposed by waves, and
here great length and concentrated ballast tend to increase the loads
while slenderness decreases the ability to resist them. The weight
of the concrete structure limits the extent to which liquid ballast
can be used to modify loads or increased structure can be provided
to absorb them,

The design process has consisted of examining various combinations
of drafts, diameters, diameter ratios, and shoulder heights within
limits established on the one hand .by the Scripps computer analyses
of motion, and on the other by engineering feasibility within the
budget. A major breakthrough to the solution of this problem came
with the development, at a design conference at Scripps. of the
concept of two operating drafts and movable solid ballast, Even with
the easing of the structural problem which the movable ballast
provides, it has been necessary to modify the cross sectional shape
of the legs to increase the section modulus,

The design of suitable trunnion bearings posed technical problems,
not so much because of the great size of the journal or the magnitude
of the loads, but because the bearings will be loaded for long periods
during which the amplitude of motion will be very small resulting in
lubrication problems. Several solutions have been investigated and
a tentative selection has been made of a Messinger biaxial roller

bearing which is a catalogue item, Other soluti 'ns are being studied
11
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betore finaltizing the selection,

As auticipated, the design of a workable and effective linkage
to connect 1wo modiles into a plattorm has proved ro he the most
difticnlr problem, Ar the present time it is rhis design area which
is farthes: from sarisfactory completion., This lag is due to the
necessitry otf delayving det~2il consideration of the problem until
other desipgn areas were tar enoupgh along to define the 1inkage
problem. This has now been done and details of possible arrangements
are beinpg developed.

A wide variety of combinations and degrees of rigidiry,
elasticity, constraint, and treedom hae been considered. At the
present time, study is being concentrated on a linkage system in
which the two superstructures end up rigidly connected in the
station-keeping mode with freedom of rotation permitted at the
trummions, Hydraulic cylinders are used in the linkage to control
the connection operation and to gradually "harden” the system after

preltiminary hookup.

G. Model Testing - Considerable progress has heen made with the 1/8

scale models of the plattorm, [Fabrication of the first module has
heen completed. The module has Leen rested extensively in San Diego
Bay. To date 26 flipping operations have heen made wirh perfect
reliabilivry. Construction of rhe second module is well along. It is
pltanrad rthat tesring of rhe two modules coupled topgether will commence
during late Inly 1971,

Detailed tests of a 1/100 scale model of the platform have been
made in the wave chamnel ar Scripps Institution., The rests covered
one module in the horizontal mode, one module with legs flipped and
hull in vhe water, one module in the starion-keeping mode, two

12
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modules in close proximity, and two modules coupled, Measured
respoises are 'n close agreement with theory. A technical report on

the 1/100 scale model tests is in preparation.

H. Platform Utilization - Numerous discussions and panel meetings
have been held to consider various utilizations of the Stable
Floating Platform, Tnhe eiforcts were direcred toward:
1, Identifying research programs in ocean engineering that
could benefit from the use of the platform and hardware,
2. Describing specific hardware configurations that would
be useful in ocean engineering work.
3. Considering the impact of these hardware items on the

platform design.

As one panel report said, "It was nearly a foregone concensus

of the Panel that the proposed platform would have a number of
attractive features for support of ocean engineering work. The

large deck area would be useful for assembling and stowing experimental
equipment, Lowering and raising these items of equipment through the
air/sea interface and on down to desired depth would be a useful
application for a number of programs. The availability, in a

stable platform at sea, of additional important support features

such as living and working spaces for a scientific party, a general
purpose computer, and a moderately large source of power would be

of great importance to a number of programs,"

Two such penel reports are combined into one document entitled,
“Reports of Application of ARPA Platform", SIO Reference #71-20,

dated 15 July 197!, which is currently being prepared for publication.
13
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I. PROJECT SUMMARY

The goal of this proje,'1 is to adap* the high performance guéartz
vertical accelerometer developed Ly slccv and %cv:cQ at iGP? for use on
the ocean bottom, thereby increasing the technology of ocean bottom Instru-
mentation as well as providing an increased scientific understanding ol the
properties of the earth below. Specifically an instrument package is being
constructed which will enable the quartz accelerometer to be nperated on the
ocean bottom to depths of 20,000 feet. The package will be completely self-
contained, including all necessary power supplies, electrcnics, data recording
acoustical control and telemetry systems. It will be capable of operation
without surface support for pericds of 7 to 30 days.

The package is enterini the final assembly stages with most of
the problems of design now solved. During the last six months we have
worked in the following areas:

A. Acoustic command and control system. The commerically available
portion has been sent out for hids (see Appendix 1) and the
remaining control logic has been designed and partially tested.

B. Accelerometer temperature vegulation. Good temperature control of
the quartz eccelerometer is essential to {ts proper operatio..

This has been a difficult and time consuming problem and should be
solved soon. 1t is discusned In detail in Section 11,B.
C. Installation and testing of the Honeywell low power data logging

system. See Appendix Il. 1 7

)



D. Modification of a commercial explosive cable cutter to meet our

requirements for deep ocean operation.

We plan to test the complete packige in the IGPP vault in September or

early October, 1971. It should be ready for sea trials by January 1, 1972.

18



II. Technical Report

Specific areas of progress during the last six months are
discussed in detail in the following pages. A brief discussion of each item
follows. The acoustic command and control system has been designed and
some very preliminary testing has been done. The design is straightforward
and no problems are anticipated in this area. The problem of temperature
control of the accelerometer has proved to be an extremely time consuming
one. Each test takes several days and a fair amount of testing has been
necessary. Work on other phases of the project is occurring in parallel,
however, and we hope to have the temperature control problem solved soon.
The data logging system has been received from Honeywell and is now in-
stalled in the package for testing.

An unexpected developmental task occurred when we decided to
use an explosive cable cutter to release the package from its ballast which
holds it on the ocean bottom. The materials used in commercially available
cable cutters were not satisfactory for deep ocean work, so a modified
design of a device manufactured by Hollex, Incorporated, Hollister, California
was produced in cooperation with them.

A detailed discussion of each item follows:

19



A. Acoustic Command and Control System

This system provides the control and diagnostic functions for
the capsule. Communication between the surface and capsule is accomplished
by sonar transmissions. The details are described in Appendix I. Figure 1
shows a functional diagram of the entire system., When a command is received
or completed. a corresponding alert code will be transmitted. Voltage levels
will be converted to frequency by the voltage to frequency converter which
has been designed here (Figure 2). The variable frequency output will then
trigger pings on the capsule pinger. Ping intervals will then be measured
at the surface to provide the voltage measurement. A description of the
various command sequences follows.
1. Automatic begin: The automatic begin cycle consists of:
a. unclamp gravimeter support gimbals so that pendulous level occurs.
b. clamp gimbals
c. unclamp tilt-meter and gravimeter mass clamps.
2. Gravimeter level: adjust tilt of gravimeter to its vertical or tilt-
insensitive position.
3. Gravimeter diagnostics: transmit gravimeter output voltage to surface
(ping rate).
4. Secondary diagnostics: transmit tilt-meter output, gravimeter temp-
erature, and capsule temperature to surface.
5. Engineering diagnostics: transmit engineering data to surface. This
will consist of battery voltages and other parameters to check on
the state of capsule systems.

6. Record azimuth: record the orientation of the capsule.

7. Clamp for release: clamp tilt-meter and gravimeter masses in preparation

20
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lo.

11.

12.

Release: fire the explosive cable cutter for capsule release. There
will also be a separate backup release circuit and cable cutter.

Reset: reset all command hold flip flops.

Automatic release: a separate timer will be set to release the capsule
a specified time after the planned recovery time.

Automatic diagnostics: the diagnostic cycles will be energized
automatically, and at certair intervals thereafter, a specified

time after the planned recovery time.

Leak detector: the leak detector will automatically release the

capsule if a leak occurs.

The Acoustic Command System as described in the specifications of

Appendix I is presently out for bid. The other items described above have

been cesigned and are now in the construction and testing stage.

21
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Figure 2. Voltage to Frequency Converter

VFC Specifications
Power: 4 12V @ 13 ma max. The use of
low power operational amplifiers
will reduce this value considerably.
Input range: 0 to +10V

Output range: 0 to 1.6 KHZ

Linearity: 0.1%
Short Term 0.01%
Stability:

4
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B. Accelerometer

The principle difficulty with the accelerometer has been the
temperature control system. This problem has been solved in the land
based instrument by putting a great deal of thermal insulation between it
and the external environment. Space limitations in the capsule discussed
here preclude the use of such extensive insulationl. Fortunately, the
ocean bottom temperature varies on the order of millidegrees, rather than
several degrees for land based environments, making the control problem
solvable. The temperature coefficient of the accelerometer is about uxlo'“g/°c
(g = acceleration of gravity, 980 cm/secz), so temperature regulation to

log, which is

10'6°C will reduce the maximum temperature effect to uxl0
allowable.

Figure 3 is a diagram showing the components of the accelerometer
relevant to this problem. One would ideally like to control the quartz
torsion fiber which supports the mass, as its temperature coefficient is
the principle source of the instrumental temperature coefficient. However,
this is not practical. The next best procedure is to control all sources
of heat transfer to the quartz fiber. It is in a high vacuum, so the
principal thermal transfer will occur by conduction through the metal parts
connected to the fiber. These parts are connected to the stainless steel
1id of the accelerometer can (Figure 3) by means of sturdy support legs.
Thermal radiation and other sources are negligible. Thus, good temperature
control of the lid should result in good temperature control of the quartz
fiber. Efforts to date have been certered around accomplishing this.

A principal difficulty in temperature control systems arises
from the finite thermal conductivity of the material to be controlled.

2h
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FIGURE 3.

Diagram of accelerometer parts which are
important to iis temperature control. The
support legs, vacuum can 1id, and vacuum can
are constructed from 304 stainless steel.
The aluminum plate is 6061 aluminum, Its
purpose is to minimize thermal gradients on
the vacuum can lid. The volume between the
outer can and vacuum can is at atmospheric
pressure. The outer can is at capsule

temperature.

The accelerometer itself is contained within
the vacuum can and is connected to the 1lid

with sturdy support legs.

26
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Thermal transfer to the environment occurs over a fairly extensive area,
and may vary with time as well as location. The heater which applies power
to hold che instrument above ambient temperature is fixed in its spatial
distribution. Also the temperature is generally measured at a single point.
Tnus, different points on the regulated surface will be at different temp-
eratures, depending on the external temperature and temperature distribution.
This problem may be minimized by extensive insulation, using material of high
thermal conductivity, or by surrcundiug the material of low thermal con-
ductivity with a regulated sucface of high thermal conductivity. Because we
are constrained to use stainless steel (low thermal conductivity) for the
vacuum can (the system must be baked to insure a good vacuum) we must shield
the regulated surface with a high conductivity iaaterial.

Figure 3 shows an aluminum plate one inch thick bolted to the
top of the vacuum can lid. Its thermal conductivity is about ten times that
of stainless steel and should hola the lid temperature quite uniform. The
support legs are bclted to the aluminum plate so that heat cannot pass
*hrough directly to the lid. The first test was made with the heater wound
uniformly around the vacuum can and the control thermistor at position C.
This configuration resulted in an attenuation of room temp:rature variations
of about 30. We need about lO3 attenuation for our purposes. Next we
wound the heater on the outside of the aluminum plate with the
control thermistor at position A. This also resulted in a factor of about
30 attenuation. A monitor thermistor on the plate indicated attenuation
of better than 500, so it appeared that thermal transfer was occurring

through the edge of the 1id by means of conduction up the sides of the can.

28
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In another experiment we separately and simultaneously controlled the
temperature at position C, increasing the attenuation to 100. So the
system behaves qualitatively as we expect. A test is now in progress
with the heoter wound around the alumirnum plate anc extending down the
can about a third of the way. The control thermistor is at B on the
vacuum can 1lid. If this does not improve the regulation sutfficiently,
the next step is to construct a shield of high thermal conductivity which
is in contact with the vacuum can and aluminum plate and extends part way
down its length. This should be very effective in reducing uncontrolled
conduction up the side of the can. The temperature control which we
achieve at a point near to the control thermistor is nearly adequate, so
the elimination of the thermal gradient problem should complete this aspect

of the project.

29
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C. Data Logging System

The data logging system was manufactured by Honeywell and
arrived early in June. It has been installed in the capsule and is now
taring data [or the temperature control tests. For actual ocean bottom
operation, we are planning to sample six data channels. These are two
axes of tiit, capsule temperature, accelerometer temperature, accelerometer
output, and and accelerometer output filtered to amplify seismic frequencies
relative to tides. Appendix II describes the properties and operation of
the system. The 1970 annual Peportldescribes the low power tape recorder

and analog to digital converter.

30
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D. SQUIB Explosive Cable Cutter

The instrument package release unit and outer pressure housing
are doubtlessly the most critical parts of the entire package; for, if
either fails the entire unit is lost to the sea. The pressure housings
employed have been proven by several other projects, but no known release
which is reliable enough yet suitable for a rigidly bound battery to
instrument package could be found.

Investigation indicated that the Aerospace industry had found
explosive type releases to be far more reliable than other types for stage
to stage separation; thus, since this problem is essentially the same, a
search for a suitable explosive release was initiated. Unfortunately,
the more extreme pressure and conditions encountered in the oceans made
all avail able releases unsuitable; therefore a completely new design was
required. This was undertaken by us in conjunction with Holex Incorporated,
manufacturers of similar aerospace explosive release devices. The require-
ments for a suitable unit included:

1. A 20,000 foot operating capability (the ability to work at approxi-
mately 10,000 psi).

2. Corrosion resistance in the open ocean from surface depths to the
maximum operating depth for a minimum of 45 days.

3. Relatively easy to manufacture with a simple, small and safe to
handle construction.

4. Reuseable main frames to hold down expense of replacement.

31
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The main problem turned out to be finding a suitable alloy that was
corrosion resistant, yet strong enough and inexpensive enough to meet
all the above criteria. For a period up to 45 days a final compromisn
resulted in the cho.ce of 316 stainless with a 440 stainless cutter.
This appears completely suitable for 45 days, yet marginal for any longer
period applications. A titanium alloy would be the best overall choice
to use for construction of a non-time limited unit, but expense and
difficulty in manufacturing prohibits its use unless the total package
is eventually redesigned for a longer run time (greater than 30 days).
The final design is shown in Figure 4,

The project is in good shape according to the schedule of
Figure 8 of the last report, although the importance and order of some
tasks prior to September 1, 1971 has been altered. As scheduled, however,
we expect to be testing the complete package in September or early October
in the IGPP vault. The major unknowns involved in the concept of the
project have been solved and major task remaining is to finish putting the
various components together. One unknown which we disposed of was whether
pendulous leveling of the accelerometer would be sufficiently accurate.
We found that orientations achieved in this manner were consistent to .1
degree, which is well within the .5 degree range we require. A remaining
unknown concerns the quartz accelerometer. The present unit is sufficient
for our work if it is taken apart and cleaned carefully. We also have assumed
it would be necessary to modify it so the moving mass could be clamped during
transport, drop, and recovery. Experience with the land based instrument
leads us to believe that the quartz torsion fiber may be strong enough so

that this is not necessary. The cleaning will probably not cost us much time,

¢
£,
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as other personnel will be available to perform it. However, a certain

number of headaches will be eliminated if mass clamping is unnecessary,

as this does involve a change in the cor guration of the instrument.
Future testing plans for 1972 include drops off San Clemente

Island and hopefully a deep ocean drop off the California coast.
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APPENDIX I

SPECIFICATIONS FOR ACOUSTIC COMMAND SYSTEM

W. A. Prothero
Institute of Geophysics and Planetary Physics
University of California, San Diego
8 June 1971

System Purpose
To provide a command and diagnostic sonar link between a surface
ship and an experimental capsule on the ocean bottom to depths as great as

20,000 feet.

General Description

The system will include a shipboard transmitter which, upon
command, will transmit a coded acoustic signal to the subsurface capsule.
The signal will be received and, depending on the code,.will initiate an
appropiate action within the capsule.

In order for the capsule to indicate its response to a surface
command and to transmit diagnostic information to the surface, a pinger must
be provided which will be activated by capsule control logic. Special ping

sequences or ping rate will contain the basic information.

Acoustic Command Transmitter and Command Receiver

The acoustic command system must consist of a shipboard transmitter
and subsurface receiver. The transmission should consist of at least four
different independently selectable frequencies which make up the transmitted

code. The receiver must have at least eight channels, so that a good code
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will consist of four ON channels and four OFF channels. Thus, the system
will be nearly immune to high amplitude, broadband acoustic noise from
passing ships and other sources. The command function is altered by
choosing a different frequency combination. Alternative systems of equal
or better immunity to spurious commands will be considered. it least

twenty different command codes must be available.

Range
The receiver sensitivity must be limited by background acoustic

noise rather than electronics noise in a sea state 1 or 2. The command
transmitter must have a great enough output to command the capsule from a

distance of 3 to 5 miles at a depth of 10,000 to 20,000 feet.

Capsule Pinger

The subsurface capsule must be capable of pin;ing on command from
internal capsule logic. All electronics nécessary to drive the pinger with
a logic level change or pulse input, as well as the transducer are required.
The transducer and high voltage electronics will be mounted in a separate
pressure housing. The ping function must not interfere with the command
receiver, so that commands may be initiated while pinging is occurring.

Ping power output must be comparable to that from the command transmitter.

Surface Receiver

The surface receiver is intended to receive the ping signal from
the subsurface capsule. It must provide an audio output and a logic level

output. 3 7



Power
Power consumption is not critical for the surfacg equipment, but
the subsurface components must use the minimum possible power. The command
receiver and pinger electronics must operate from a 12v. power supply
and require less than.l ma. current continously. The pinger power supply
may be 24v. and will draw energy from the batteries propor+ional to the
number of pings transmitted.
The surface equipment will normally be operated from shipboard

power. Optional battery operation is desirable.

Manuals
Two manuals including all schematics, circuit board layouts, parts
lists, operating instructions, interface recommendations. checkout test

data, and a block diagram nf the operation must be supplied with the system.

System Equipment

1. Multichannel acoustic command transmitter and transducer.

la. Optional battery power.

2. Surface acoustic receiver for subsurface pings. (may use command transducer).

3. Acoustic command receiver with logic level outputs from each
channel. We will provide decoding circuitry.

4, Capsule Pinger including pressure case. The high voltage transducer
electronics will be mounted in the pressure case.

u4a, Deduct cost of pressure case and mounting.

Bids must be accompanied by full equipment specifications, block
diagrams, theory of operation, etc. If special beam patterns are used on

transducers, indicate beam patterns and design philosophy.
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APPENDIX I1

UCSD DATA LOGGER :

PHYSICAL DESCRIPTION

The Data Logger is housed in a card cage that contains three
rows of circuit boards, each row capable of holding up to 1ll
boards. The Data Logger electronics occupy only eight boards, all
in the center row, leaving the outer two rows avzilable for other
applications. A hinged front panel covers the center row and parts
of the outer two rows. Control switches, indicator lights, and
output jacks for the Data Logger are all located on this panel.
These switches, lights, and jacks are hardwired to the card cage
connectors via a flexible cable bundle. A single schematic (Honey-
well Drawing No. 37270496) shows all the electronics and wiring
included in the Data Logger. This includes the internal wiring
of the individual boards, the card cage wiring, and the card cage
to front panel wiring. On this schematic, the cards are referred
to by their location in the card cage. These positions are iden-
tified as locations Al through All corresponding to the 11 card
locations in the center row. Card Al is at the hinged end of the
front panel, All at the latch end. All switches, lights, and jacks
are shown on the schematic. The locations of these switches,
lights, and jacks are identified in the marked‘Up drawing (Figure 1)
of the front panel artwork.

Outputs to the tape recorder are as identified on the sche-
matic., —_

Power inputs to the Data Logger are to Card All Pins 18, 19,

and 20. Pin 18 is +12 VDC, Pin 19 is ground, and Pin 20 is -12 VDC.
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Electrical control signals may be input to Pins 7, 9 and 11
of either cards Al0 or All., These signals are:

Pin 7: A +12 volt signal starts the data loggér

Pin 9: A +12 volt signal stops the data logger

Pin 11: A +12 volt signal resets the data logger

Each of these inputs have a 1q0 K input impedance to ground.
Front panel components are:

Indicator Lights: Shelly Model BEP-066-C-B-P
Type T-1, 12 Volt Lamp

Switches-Toggle : Alcoswitch MST 105D
Push-
button : Alcoswitch MSP l105F

Banana Jacks ¢ E. F. Johnson #108-0901-001

All other components are identified on the schematic.

L0
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UCSD DATA LOGGER

FUNCTIONAL DESCRIPTION

The Data Logger samples eight analog input signals, converts
theée signals to a digital format, and records the digital in-
formation on a 7 track incremental tape recorder. ' One analog sig-
nal is sampled and recorded each second. The sequence of analog
channel selection is controlled by the eight select switches on
the front panel and the internal system clock.

The basic sequence or block is 64 seconds or 64 samples long.
A 131.072 crystal clock is divided down to produce a 1 hertz square
wave that, in turn, drives the 64-second counter. The 1/64
hertz square wave out of the 64~second counter, in turn, drives a
12-bit time code counter. The contents of the time code counter
are stored on the tape during the first second of each 64-second
block. (when the 64~second clock is at zero). Converted analog
data is stored during each of the next 63 seconds. The different
sequences for sampling and storing the eight analog signals (channels
0 through 7) are briefly described below:
| ® Channels 6 & 7 are both selected--

Record channels 0-»5 once (if selected), then repeatedly
sample and record channels 6 & 7 until the 64-second
clock reaches 65 and resets to 0. Repeat sequence every
64 seconds. If select switches 2 and 4 are in the "ouT"
position, the sequence will look 1like:

64~-second clock =~ 0
{

U = b
N -~ Wn

6
l
7

N = J
-~ = 0O
O — O

123
‘ N I
Selected channel-T 0 1 3

. 1,1
T=Time -
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© Channel 6 or 7 selected (not both)--

The sequence is the same as above except thaf after the
selected 0> 5 channels have been recorded once each,
the duration of the 64-second block is spent sampling
‘and recording fhe selected 6 or 7 channel. If 3, 4 and
7 are all "OUT", the sequence looks like:
64-second clock~ 01 2 3 4567 8¢ ° °

N T O T T A
Selected channel-T 0 1 2 56 6 6 6  *.*

& Channels 6 & 7 both "OUT" (not selected)--

Repeatedly sample and record the first four selected
channels. If fewer than four channels are selected,
sample the selected channels once each every four seconds.
If channels 1, 2, 3, 4, and 5 are selected, the sequence
looks like:
64-second clock-012 3 456789« °

I T T I I I I R
Selected channel-T 1 2 3 41 2341 ¢ °*

Once the Data liogger is started, it will record data in 64-
sccond blocks continuously until the STOP button is depressed.
ivery 128 blocks, a 3/4-inch record gap is written on the magnetic
f.ape. During the 64 seconds that make up the 128th block, no'data |
.s recorded. The record gap is generated,then the Data Logger waits
the duration of the 64 seconds for the start of the next 64-second
period when data recording resumes. A record gap is also generated
whenever the Data Logger stops.

The timing signals that control the sampling, converting and
recording operations performed once each second are shown in Figure
II. These signals are generated by a decade counter with de-

ccded decimal outputs (I. C. 39). Duri?%gthe first half of each
$
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second, this decade is held reset by the inverted 1 hertz sig-

nal. During the second half of the second, the resgt is re-

leased and the decade counter starts counting from the l6-hertz
input signal. The counter reaches eight before being reset

at the start of the next second. The functions of each decoded out-
put are described below:

S U ) If the 64-second clcck is at zero, reset the multi-
plex sequence control.

0 If the 64-second clock is at zero and the stop
flip flop is set, send a record gap ccmmand to
the data recorder.

@ No function when the 64-second clock is not at
zZero.

"2" - © Not used.

"3" - @ If the 64-second clock is at zero and the stop
flip flop is set, the Data Logger halts.

O® No function if the 64-second clock is not at
zero.

"4" - © This signal is differentiated and input to the
Analog to Digital Converter to command a con-
version.

"S" - @ If the 64-second clock is zero, this signal
causes the six least significant bits (L.S.Bs)
of the time code counter to be output to the
recorder. 7The "RECORD" command subsequently
strobes this information onto the tape.

®© If the 64-secqnd clock is not zero, the six
L.S.Bs from the A/D converter are output to

=
the recorder. li?



"6" - @ If the 64- ond clock is zero, the six M.S.Bs
from the time code counter are output to the re-
corder. .

® If the 64~second clock is not zero, the six M.S.Bs

from the A/} converter are output to the recorder.

“7" -~ ® Whenever the manual step flip flop is set, the
bata Logger will halt on the trailing edge of this
pulse with the manual stop flip flop res->+ When
the manual stop flip flop 1s again set (by de-
pressing the corresponding pushbutton switch) the
Data Logger resumes operation, stopping again at
the trailing edge of the next "7" pulse.

® If the channels 6 and 7 select swiltches are both

in the "OUT" position and the 64-second clock is
at 0, 4, 8, , . . 80, this pulse resets the multi-
plex sequence control,

"8" -~ 0 This pulse advances the multiplex sequence to the
next channel. A channel is selected and input
tc the A/D converter 3/4 of a second before a con-
version is commanded by pulse "4" of the next sec-
ond. When the multiplex sequence control ié reset
by pulse "7", it is reset to a condition where
none of the eight channels are selected. The subse-
quent "8" pulse advances the sequencé to select the
first channel specified by the front panel select

switches, ‘ 1%8




Record
Command ® This signal commands the tape recorder to

strobe the data on its six input data lines
(plus one parity line} onto the tape.
The record command pulses are blocked by the
WRITE INHIBIT switch or when the 7 L.S.Bs of
the time code counter are all at "1". (This
occurs for a 64-second period once every 64 x
128 = 8112 seconds = 2 ho&rs 15 minutes and
12 seconds).
The multiplex sequence control is contained on logic board
No. 2 (location A7). The cirucit is basically a 9-bit shift regis-
ter. At any given time, one of the nine flip flops will be in
the set condition, the remainder reset. The iast eight flip flops
correspond to the eight analog channels. The flip flop that is
set gates the corresponding analog channel through the multi-
plexer to the A/D converter. When the shift register is clocked
(by timing pulse "8"), the set condition moves to the right to
the next flip flop that corre;ponds to a selected channel. When
the set condition reaches the last two flip flops, it will
either cycle back and forth bethen the two (if both channels 6
and 7 are selected) or hold at the selected flip flop (if only
one of the two is selected). When the multiplex sequence con-
troller is reset, the first flip flop is set and the last eight flip
flops are reset so that none of the eight analog channels are
selected. The next clock pulse will move the set condition from
flip flop l,to the first flip flop corresponding to a selected
channel.
The functions of the front panel controls and indicators are

L7
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SMMPLE CONTROL SWITCHES - Each switch controls whether cr

not the corresponding analog channel is IN or OUT of the
sampling sequence. | '

SELECTED ANALOG CHANNEL INDICATOR LIGHTS - These lights

(8) indicate which analog channel 1is currently being sampled.
These lights are disabled, as are the A/D CONVERTER QUTPUT
lights when the INDICATORS ON-OFF switch is to the OFF posi-
tion.

A/D CONVERTER OUTPUT LIGHTS ~ These lights indicate the out-~
put of the A/D converter. Bit 1 is the MSB and bit 12 is the
LSB.

SYSTEM CONTROLS - START - This switch, when pushed, resets

all counters and the multiplex sequence controller and starts
the Data Logger.

STOP - This switch sets the stop flip flop (when it is pushed).
The stop flip flop will cause the Data Lcgger to generate a
record gap and halt when the present 64-second block is completed.
RESET - Depressing this switch causes all counters to be re-
set. The Data Logger continues to run (unless the STOP switch
was previously pushed).

MUX RESET - This switch resets the multiplex controller and
the 64-second clock.

TIME CODE RESET - Pushing this switch resets only the time
code counter. Data Logger operation proceeds uninterrupted.
MANUAL STEP - Pushing this switch causes the Data Logger

to operate for one second (sampling, converting and recordinc
one analog channel) then halt. Each subsequent time the

switch is pushed the recorder will resume operation for one

additional second processing one more channel, then halt again.

4,8



INDICATORS ON/OFF SWITCH ~ In the OFF position, the SAM-
PLE CONTROL and A/D CONVERTER OUTPUT lights are.disabled.
WRITE INHIBIT IN/OUT SWITCH - In the IN position, the data
record and record gap commands to the tape recorder are
blocked.

SEQUENCE NORMAL/HOLD - When this switch 1s placed in the
HOLD position, the multiplex controller, the 64-second
clock, and the time code counter are held in the condition
they were in when the switch was thrown. The timing

pulses are not blocked so the same analog channel is con-
tinuously sampled, converted and stored on the tape. When
the switch is returned to NORMAL, the Data Logger continues
on as it was before the switch was put to HOLD. |

CLOCK OUTPUTS - The top row of jacks contain the outputs

of the eight most significant bits of the time code counter.
The most significant bit represents 217seconds. The total

18

time code .counter capacity is 2 seconds which represents

approximately 3.25 days.

The bottom row of jacks contains three frequencies derived

from the 131.072 kHz countdown chain plus a signal ground jack.
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OVERPRESSURES DUE TO EARTHQUAKES

I. PROJECT SUMMARY

A. Purpose and History

The Overpressures Due to Earthquakes project work is directed
toward the understanding of the various effects, at the sea surface, at
the ocean floor, and between, of nearby undersea earthquakes. The present
goal is the study of pressure variations in the water colurn which result
from seismic events. At the beginning of the program various experimental
ipproaches were considered. One such consideration was the development of
inexpensive long time instruments that could be scattered over know seismic
areas and left for extended lengths of time(i.e. several years). The idea of
attempting to measure the overpressures using such instruments was subse-
quently abandoned, mainly because of the gross uncertainties involved with
trying to make such measurements in the near field of adequate seismic
activity. It was decided, instead, to attempt measurements during the
aftershock sequence of large earthquakes located beneath the sea. There
is almost invaria%ly a sequence of afterghocks following a large earthquake.
By definition, the size of the aftershocks are all smaller than the
main event (the greatest aftershock is usually about 1.2 in magnitude
less than the main event) and continue for from a few days to a
number of weeks after the main shock. Th;y are usually located in
the general region of the main shock and most probably along the

edges of the displacement area of the main shock.
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B. Hardware Development

A major effort, especially during this reporting period, has been
made to develop instrumentation for immediate delivery to the seaquake area
for aftershock measurements.

The main instrument package contains a pressure transducer which
allows the measurement of a maximum overpressure equivalent to 1 g accelera-
tion. A level detector which senses the size of the signal, activates a tape
recorder. The amplified signal is also modulated, recorded, and sent up to
the surface buoy where it is transmitted to a boat containing monitoring
equipment., This system has been tested in local waters and is now packaged
and ready for transmittal to an area of aftershocks following a major seaquake,

Also under development has been modifications of Navy sonobuoys
which will have the frequency and dynamic range required while still having
the capability of being airdropped. In this case the sonobuoy hydrophone
and preamp are replaced with a set which has suitable response. This is
followed by a logrithmic amplifier and a pulse width modulator. The modu-
lated signal is sent through a standard sonobuoy audio amplifier and trans-
mitter, and transmitted to the drop plane flying nearby. Complete testing
and evaluation of this system has been postponed pending a re-evaluation of

program direction.

C. Experimental Procedure

The experimental procedﬁre to be followed is essentially the same
for both the air dropped and ship-deployed instruments. The instruments
are deployed initially around the position given by the preliminary

C
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epicenter of the main shock (this determination may bLe off by as much as 50
miles). Once the area of greatest aftershock activity has been determined,
the instruments are redeployed and left for a number of days (In the case of
air dropped instruments, new ones would have to be dropped every eight hours).
The experiments would continue until seismic activity dropped below some set
level of interest. The collected data will give information on transient
pressure changes during'earthquakes as a function of distance from the epi-

center magnitude and, hopefully, dip of the fault.

II, TECHNICAL REPORT

A. Instrumentation

The major project effort has been to develop Instruments which would
measure pressure at some point in the water column and which could be rapidly
transported to the area of & large quake and be easily deployed from a
relatively small boat. A general description of these instruments is pre-
sented here. The main instrument package contains a pressure transducer
which has a range equal to twice the ambient pressure at the measuring point
(presently 120 feet below the sea surface). This allows the measurement of
a maximum overpressure equivalent to 1 g acceleration. The signal from the
transducer is amplified by a factor which depends on the magnitude of quakes
expected., A level detector senses the size of the signal and switches on
a small tape recorder contained inside the package when the signal reaches
a certain level. The detector keeps the recorder on until the signal falls
below and remains below the preset level for approximately 40 seconds. The

amplified signal is modulated and recorded. The modulated signal is sent
S
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up to the surtace buoy where it is trangmicted using a VEC-IM trcansmitier
obtaiued trom Navy ASW H5Q/01A ronouovs., The slgnals trom two or threo like
instruments are reconded on a nearby shiv,  Internal rcecovders ave used In
case wi the need to Leave a buoy and deploy otner fnstruments out of tran:-
mitting vange. Intentions dare 1o reverd some oventls from spatlally celarated
instoeuments on whe tane to get an idea ol the apatial Alseesisution of crer-
pressures. Tne surfaece huoy contains a flashing lignt and Citieen Baad
Beupar tratamittar to ald finding tie buoy when the experinment s compicted.
The cable cennecting the suriaca huoy with the subsurface pazhage
has a welpht attached at tle desirad reasuraeent depthi. hetwean this weignht
wid the instrument package there {e a serler of welphts and {loats which,
toguther with the packapn itself, forms a neutrally buoyent systen. Jhis

provides a sort of sprinp effect which alloss the cable wright to rise and

fall with the surface wave action without transmitting this motion t¢ the

-r
=
0—0

instrument package. Tigure 1 {s a drawing of < instrunent when deployad,

igure 2 stows a block diaram of the packepe. The signal-level
sensor (SLS) and pulse-width moduleror (PDM) schematic is shown in figure 3
The signal rfrom the nressure transducer is amplified and sent througn an
absolute value cireniv (ABS). This is then compared with some pereset voltage.
auch the signal rises above this wvoltage, IC2 ftires Q2. Q2 trips the relay,
turaing on the tape recorder. The k2 decay holds Q2 on for about LO secends
after the op amp shuts otf and remain so.

The modulator (PDM) rencrates a 40 eps square wave; the length

of the positive half pulse is proportional to the signal level. This is
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accomplished by generating a 1/40 second ramp which is compared to the
signal at IC3. IC3 saturates as long as the signal is greater than the
ramp level, and gives zero output otherwise, The positive half pulse from
IC3 then triggers a COS-MOS chip set to oscillate at 4 kec. The series of
4 ke bursts (the width, or duration, of each being propertional to the
signal at that time) is then recorded on the internal tape recorder, and
is sent up to the surface buoy transmitter. (There ic alco a provision

to transmit the unmodulated signal).

This instrument was tested off shore and found to work quite
satisfactorily. Some of the shipboard puripheral equipment did not
perform so well, however, so that quantative analysis of sensitivity and
noise levels was postponed and will be presented in a later report.

Dr. Hugh Bradner, while on sabbatical at the NATO ASW Research Centre
in La Spezia, Italy, has develcpyerd modifications of the Navy sonobuoy
SSQ/38A which give it the frequency range and dynamic range we required,
still leaving it in a condition suitable for airdropping. The S5Q/38A
sonobuoys were selocted because of their long (72 hour) operating time and
their deep (300 feet) hydrophone.

The sensitivities of all ordinary sonobuoys and of PB 3 receivers
(ARR 52 or ARR 72) diminish very rapidly below 10 Hz, Therefore the
sonobuoys must be modified to have sensitivity at lower frequency than 10 Hz
and the telemetered signal must be maintained at a frequency above 10 Hz if
PB 3 gear is to be used. The low frequency sensitivity was obtained by

replacing the hydrophone, preamplifier and amplifier. The telemetered

ro
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signal was obtained by using pulse duration modulation. The piezoelectric
bimorph hydrophone of the ordinary SSQ/38A is encapsulated with its pre-
amplifier, and cannot be separated from it. Therefore an available
cylindrical PZT/5A hydrophone was substituted. It is 1 1/2" outside diameter,
11/2" long, with 1/8'" wall and has a capacitance of 0,012 uf. Its sen-
sitivity is - 94 db resp/volt/microbar.

Two types of preamplifier were designed and built by Engineer K.
Rasmussen of tho Centre. Both types can be encapsulated inside the hydro-
phone cylinder. The first type has ultra high input impedence, (2x20° Megohm)
but requires internal mercury batteries with sea-water contact closure.
(Figure 4), The second type does not require internal batteries it has
20 megohm impedence, which is sufficient to give flat response down to
approximately 1/20 Hz, This frequency response is possible because the
expected signals from seismic events are so large that the hydrophone can
be shunted with a 0.15 uf capacitor. Figure 5 shows the FET/20 megohm
preamplifier. A higher roll off frequency than 1/20 Hz may be necessary
in the Pacific Ocean, whgsg_lqpx period swells are common.

The hydrophone cylinder and preamplifier are designed to replace
the normal assembly in the SSC/38A sonobuoys. The signal is carried to the
sonobuoy amplifier by the normal 300 ft. tﬁo-wlre cable. A prototype
production preamplifier has been built, but assembly and installation of
units in SSQ/38A sonobuoys has not been undertaken pending word of airborne
program upproval from COMASWFORSIXTHFLT.

The SSQ/38A amplifier has been replaced by a logarithmic amplifier

to give large dynamic range, and a pulse duration modulation circuit to
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convert the low frequency signal to a form suitable for reception by the
PB 3 aircraft or commercial f m receivers. The output of the PDM feeds
directly to the input of the radio frequency transmitter in the SSQ/38A.
The log amp./PDM circuit was designed to use inexpensive general
purpose operational amplifiers, and a minimum of components. The circuit
is shown in Figure 6. The 13K poteantiomerer is used to adjust <rne repetition
rate of the PLDM square wave, (eg, R=2€Y glves a 20 hz sguare wave; R=13K,
& 4C hz square wave). The calibration !s shown in Figure 7 and Figure 8. The
verticul flags or. the curves show the range of calilrations of nine production
units that have been built. Auxilary ccales in Figure 7 show equivalent
telemetry - PDM output (in counts) vs. input acceleration, ag/g (or equivalent
precsure change, Ap/p) for the modified S5Q/384, with the hydrophones at 300 ft.
An assembly has beaen checked for proper functioning in a sonobuoy, and
the telemetered signal has been checked for proper reception with a commercial
f m receiver; but final installation in 55Q/38A sonobuoys was withheld for the

reason mentioned above.

B. Experimental Procedure

The experimental procedure to be follow:1 is essentially the same for
both the air-dropped and ship-deployed instruments. The instruments are deployed
initially around the position given Ly the preliiminary epicenter of the main
shock (this determination may be off by as much as 50 miles). Once the area of
greatest aftershock activity has been determined the instrument. are redeployed
and left for a number of days. (In the case of the airdropped instruments, new
ones will have to be dropped every eight hours). The experiments will continue
until seismic activity has dropped beiow some set level of interest. The collected
data will give information on transient preccsure changes during earthquakes as a
function of distance from the ep’center, magnitude and, hopefully, dip of the
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C. Hazards Estimate

Dr. Bradner has begun work on a preliminary hazards estimate
based on the seismicity of the various tectonic regions of the ocean. The
purpose of the estimate is to give the probability of ancearthquake of
some magnitude occurring near a vessel as it passes through a seismic zone.
The overpressures associated with such events will be determined theoret-
ically (Richardsl) and experimentally.

The preliminary hazards estimate is based on the idea that the
probabi.ity of an event occurring in some area within some time span is
proportional to the historical time density of earthquakes in that area.
fapes and/or lists used in compiling seismicity charts for the world have
been requested. When rereived, the earthquake density of the various
tectonic region: will be calculated and a probability number, which is
a function of magnitude, will be assigned to the different areas. The
experimental work siiould allow asscciation of the probability number and
the usual type of faulting in that area with the hazard that some size

overpressure would occur.

D. Progress

The San Fernando Quake of 9 February 1971 has given an added
impetus to the study of overpressures in the oceans. The record taken at
the Pacoima Dam, 5 miles from the epicenter contained several acceleration
peaks greater than 1 g, even though the magnitude was only 6.52. The fact
that such large accelerations occur near a relatively small earthqucke
was heretofore unknown. This makes  the overpressure problem perhaps more
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On 2 Muy 1971 there occurred an event off Adak, Alaska given a
magnitude 7.1, A project representative flew to the Navy Base there to
arrange a ship for our use in monitoring aftershocks while final prepara-
tions to take the instruments were made. By the evening of 4 May, it was
clear that the quake did not have the expected afrershock sejuence., What
few aftershocks oncurred were widely separated and quite sma;l: Though
the experiment was aborted, contact with the Navy was made to arrange use
of &n ATF on short notice when it is not otherwise used. The Coast Guard
has also been contacted and agrees to provide ship time pending availa-
bility of a ship in the incident area.

Some of the difficulties in aftershock chasing are evident. The
aftershock sequence itself is not entirely predictable. It is not certain
that once a port near the epicenter has been reached we will have trans-
portation to the region of interest. In addition, foreign travel complica-
tions have limited the plans to a small geographic area. The faults off
Oregon and Washington usually have small quakes occurring in swarms with
predominately horizontal motion. This leaves the Aleutian Trench area
which, though highly active, contains only a fraction of the large earth-

quakes occurring around the world.

E. European Activities

The Eastern Mediterranear is normally a region of high seismic
activity, spread broadly over Italy, Greece, the Adriatic and Aegean
Seas. Discussions with hirectors of seismology observatortes at Rome,
Trieste and Athens revealed that two areas near Greece are especially
favorable from the standpoints »f high activity, frequent large after-

shocks, shallow sou:ces, and aftershock locations that center close to
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the main shock. To date, however, there have been no seaquake of even
moderate size anywhere in the Lastern Mediterranean this year. The Directors
all offered to send immediate nctification of seaquakes and the Trieste Ob-

servatory volunteered to make preliminary epicenter determinations.

Exploratory discussions were held with COMASWFORSIXTHFLT personncl
at Naples, who indicated that measurements might be made conveniently with
PB 3 aircraft, though not with surface craft. Dr. Bradner designed a
modification for the SSQ/38A sonobuoy for low frequency operation. Explora-
tory discussions at Sigonella Air Base confirmed that conventional sono-
buoys internally modified for low frequency can be used in a conventional
way with the PB 3 aircraft. The aircraft are already equipped with gear
for navigation, buoy location, and multich;nnel signal recording. The
only necessary addition to their standard equipment would be a small low
speed strip chart recorder. Simple interface equipment has been built
(Figure 9) Preflight test gear has also been constructed. The airborne
operation would be very similar to & normal ASW flight. A detailed
Operations Plan has been drafted, and is available if desired for future
studies. As a result of a Scripps decision to drop the Mediterranean part
of this project COMASWTORSIXTHFLT personnel and the above mentioned
Directors of seismological observatories now have been informed that

preparations for the operation have been terminated.
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I. PROJECT SUMMARY

Studlies of the transport and circulation mechanisms which are
cooperative in the nearshore zone (as they apply to military and civil
pre-engineering) increasingly emphasize *he Importance of the interactions
between waves, currents and sediment at the water-sediment interface.
These studies have concentrated on understanding of the wave-current
inferactions in terms of: (1) the velocity ficld of the water in near-
breaking and breaking waves; and, (2) the complex interactions in the
boundary iayer at the water-sediment interface. They have gereral
appllcation to the design of vehicles or structures intended to perform
useful tasks within the surf zone, and particuiariy to the probiems of
sand and sediment transport and control.

A summary of the work done in the above two categories follows:

1. A laboratory study of the velocity and momentum fields in
breaking waves, with the object of defining not only the particle dis~
placements, velocities, and acceierations within individual waves, but
the net circuiation induced by their combined interactions over repre~
sentative beach siopes. Present progress inciudes: (a) completion of
revised Instrumentation for measurements as & function of time and
position, of flow velocity, particle displacements and trajectories,
surface eievation, and sub-surface pressuro; (b) eighty percent
completion of a series of fiow measurements, comprising over 1000 test
runs and 7000 date points, taken within wave trains at four different
periods, and Incident upon each oi three beach slope angies. All dats
are programmed on punch cards for computer processing. Anaiysis of the
data thus obtained is well under way, and some preliminary results are

included in *he text, and; (c) design and partial construction of a
=
R



portable instrumentation platform for field observations.

2. A fleld and laboratory study of the water-sediment interface
under wave action, that includes: (a) analysis and comparison of wave-
induced boundary layer theories with previous laboratory Investigations
over both smooth and rough bottoms; (b) measurement of the interface
geometry and interpretation of motion films of particle movement at,
and above, a naturaily rippled water-sediment interface In the Paciflc
Ocean, and on an intermediate scale near the surf zone in the Gulf of
California, Mexlco; and, (c) construction and testling of phase-dependent
roughness eiements in the hydrauiic laboratory wave tank.

The foregoing summary reflects only a portion of our overall program.
During the next hal f-year, work wiil Inciude:

1. A detaliied, joint fieid study of nearshore circulation in three
dimensions, to be conducted in the surf zone adjacent to the Scripps
institution. This study wiil inciude simuitaneous observations of orbital
and mean velocities at a number of differsnt stations, with the object
of defining the energy baiance, modal shelf interactions, and the general
circulation scheme in a natural environment, and on a time scale of
enough duration to observe trends Iimportant to the determination of
sediment truansport.

2. Continuing adaptation of speciallized instrumentation and
techniques for measuring important fiow, circulation, and transport
parameters. This wiil inciude hot fiim probes, two types of new current
meters, and a high resoiution sonar for in situ measurement of ripple
geometry.

3. The continuing study of fuil scale mechanisms and devices for

<controliing sediment transport, erosion, and deposition. These inciude:

Th



phase-dependent roughness eiements, modular structures for fiow controi,
and the construction of artificial undersea barriers.

These findings promise to lead to new technology that wiil permit
the control of erosion and deposition by phase-dependent roughness
elements placed on the ocean floor. A "crater sink" sand transfer
system proposed earlier in this study (inman and Harris, 1970) provides
a revoiutionary and inexpensive mechanlsm for transport and control of
the budget of sand along coastlines. Together, as a system, these
technologies should permit the rapid development and deployment of
portabie harbors along sandy coasts that wiii be free from the severe
problems of erosion and deposition. The perfection of this system will

be the subject of next year's proposai for continuation of this project.
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It. VELOCITY FIELD IN BREAKING WAVES

A. OBJECTIVES

This is a comprehensive |aboratory and field investigation of the
velocity and momentum fields within the breaker zone which is formed by
a successlon of waves approaching a sloping shoreline. We are concerned
not only with the motlons withln individual waves, but also with the
mean surglng motions that result from their interactions. This study
is basic to the mechanics of sediment transport, as well as to the
engineering design of any structures intended to function within, or to
wlthstand the effects of breaking waves in shallow water.

To our knowledge, there is no adequate theory that describes motions
In this regime, nor any previous study that provides a basis for such a
theory. Therefore, a second objective Is to describe these fieids in
useful parametric form, and to attempt to advance the theory of wave
behavior by an expianation of them. Tne study Is divided into two
phases: a laboratory study of frains of periodic waves breaking on
uniformly sioping beaches, and a field phase where simiiar measurements

will be conducted in the ocean. ?(3



B. METHODOLOGY

Our techniques (more fully described below) comprise five Independent

sets of measurements:

a) quartz hot-film fluld velocity probes (0.5 ms response)

b) fluld pressure at bottom, beneath probes

c) dlgltal surface elevation anc¢ wave run-up staffs

d) strobe photography of wave profiles and neutral-densiTy particles
for orbital velocity and displacements

e) single-exposure streak photography for fluid direction

Observations have been conducted at 6 to 12 probe elievations, eight

stations, and four wave periods, for each of three uniform siopes,
covering the full range of naturai (prototype) wave conditions on a
scale of 1:16.

As previousiy noted, Inman and Van Dorn (1970), our study is being con-

ducted In two phases:

a) laboratory phase. A comprehensive Investigation of weter
particle motions in trains of breaking periodic waves incident
upon uniformly-sloping beaches has been conducted in the 100
foot, glass-walied wave channel at the SI0 Hydraulic Facliity.
The measurement program is 80% completed, and data ere being
processed and analyzed on the I1BM 1130 computer. Some
preliminary results are included beiow.

b) Field phase: A somewhat-simllar, but less extensive, series of
observations In the oceanic surf zone wli!| be carried out this
summer and fall In conjunction with other field measurements.
Work Is in process on a portabie platform capabie of supporting

the necessary instrumentation in the breaker zone.
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Because of the difvicuities previousiy reported in obtaining

stabie and reproducibie operation of the hot-fiim velocity probe

anemometers, and aiso because It was found impossibie to monitor fiow

continuity and phase velocity of mitipie wave systems with fissh

photography, instrumentation for the |aboratory phase wes compieteily

revised during the period Jan-Mar 1971. The system finaiiy empioyed

for our experiments is shown in Figure 1, and contains the foiiowing

components:

a)

b)

A 50 om digital wave statf, permanentiy loceted 2 m before the
toe of the beach siope, records incoming wave a!zvetions before
shoaiing transformation.

A permanent 5 m digitai steft just over the beach slope records

water motion at the shoreiine.

The remaining sensing devices were mounted on a8 traverse car,

capabie of being rolied to any position aiong the wave channel. Among

the devices mounted on the car are:

c)

d)

e)

Two 20 cm diglital staffs for monitoring local eievation and
phase veiocity of individual waves. These staffs can be raised
and lowered by @ rack and pinion,

Two hot=fiim water velocity probes mounted on simiisr racks cen
aiso be vertically adjusted, and raised cliear of the water for
calibration before each data run.

A verticai 2 m cyiinder,suppiy pump, and fiow nozzie provide a
means of dynamic fiow ceiibration between runs. The cyiinder
is fliled with water, the nozzle silpped over a (raised)
veiocity probe, and the water is discharged under decaying
hydrostatic head, its level bolng.md’lclfod at known intervals



f)

by electrical contacts in the cylinder wali. From simultaneous
records of probe output vo!tage and discharge, as & function of
time, each probe can be calibrated over its entire range
(10-250 cm/sec) in about 2 minutes.

A pressure transducer on the car is connected to & tube strut,
which can be verticaily acjusted tc just clear the bottom,
Stroboscopic flash or flood lights at the car ends provide
lilumination for telescoplc polaroid photography thrcugh the

glass side walls.

Equipment changes aiso include:

8)

b)

Purchase of two DISA Model 55001 hot-fiim anemometers to repiace
the unstabie mode! 55005 units previously purchased, which were
returned for credit. The rew units cost three times as much,

but have performed perfectiy and retain their callbration without
continuous readjustment,

The purchase of a Varian Statos |1l eight=-channel strip chart
recorder to repiace a Brush six-channei recorder on iocan from the
510 Ocean Pesearch Division. The response of this recorder is
tifty times faster (1-Khz) than the Brush unit, and the two
additional channeis were needed for the traversing elevation

SeNsSors.

All iaboratory experiments were conducted In the 0.5 mx 1.2m x 30 m,

gless-waiied wave channel at the Si0 Hydraullic Facility with a uniform

stili-water depth of 36 cm. On & prototype-model scale of 16:1, the wave

and

beach slope parameters shown in Tabie | covered the fuil range

of prototype conditions normal ly encountered on local beaches proposed

for fieid experiments. The eight observation stations were experimentaliy
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altered for each beach slope and wave period, so as to best observe all
phases of wave development. As depicted schematicaliy In this figure,
each test run comprised a sequence of flve waves, whose total duration
was |Iimited by the time required (about 18 seconds) for the first wave
to be successively reflected from the slope and wave generator, and to
return to the first sensor. All wave trains were produced at the
max|imum generator stroke setting. . Thus, wave breaking heights were
highest (20 cm) for the shortest period, and lowest (10 cm) for the
longest,

At each observation station, test runs were repested from four to
eight times with the velocity probes at dlfferent eievations, and facing
both into and away from the incldent wave direction, so as to obtaln
relatively complete velocity profiles within each wave. Sensor caiibra-
tions were checked, and repested, If necessary, at each station position.

Fol lowing completion of the veliocity measurements, all runs were
rpeated, taking stroboscopic fliash photogrephs of neutrai-density,
trile=-rubber spheres at 1/10 sec Intervais to obtain particie orbit
displacements and velocities, as well as sequential wave profiles.
Secondly, streak photographs of smaller particies were taken with flood
lighting and 1/5 second exposures to obtain particle trajectories at all
points within the fiow fleld.

All told, over 1000 test runs were made, comprising more than 7000
data points, exclusive of photography. Thus, we belleve that the fiow
tlelds are falrly completely determined for ail Input conditions. Any

experiment |s readily reproducible, should additional deta be needed.
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C. TECHNICAL RESULTS

Owing to instrumental groblems, instrument reconversion, and
periodic interruptions, the laburatory experiments required about two
months longer to compiete than estimated at last reporting. As a result,
data processing and anaiysls have been similarly deiayed, and are belng
carrled out In conjunction with preparations for the fieid experiments
described below. However, some early results are forthcoming, which can
be summarized as follows:

Our experiments were generaliy natterned after, and Included the
sane range of wave parameters as those reported by Dlvoky, et al (1970),
with the exception that their breakers were produced In uniform water
depth by horlzontal channel convergence, so adjusted as to maintain
virtually constant breaking height. Because our gear-driven wave
generator couid not be adjusted to exactiy .- nroduce their experimental
wave periods, and aiso because our waves were substantially higher for
similar wave periods, only qualitative comparisons between our results
can be made here.

Basad on an assumed equivaience between horlzontai energy convergence
and that inferred from conservation of energy tlux over unlform siopes,
Le Mehaute (1960) and Dlvoky present curves showlng reiative breaker height
H/Hb versus reiative breaker depth h/hb for a wide range of beach
siopes 1/5, where H Is the Incldent wave height In water ¢f depth h
ahead of the slope (Figure 3). OQur data for four wave perliods at four staticns
(D-G, Flgure 2), breaking o% a 1/25 slope, do not appear to support this
theoretical modei, except in the immediate vicinity of breaking. Our
relative breaker (bore) heights were consistently higher than those

reported by Divoky, et al (1970) although this may, in part, be due to
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the transient surge over the siope produced by an impuisive train of
flve waves, which would be expected to give higher reiative heights than
In the steady-state experiments of Divoky, et ai (1970). This effect
wili be examined in detall before finai reporting.

Preiiminary comparison of our velocity profiles with those predicted
by the Stokes third-order wave theory (Skjelbrea, 1959), and the cnoidal
theory of Keulegan and Patterson (Mash, 1961), are shown for incident
waves of 1.6 second period In the uniform depth section of the channel
(Figure 4), and et the breaking point (Figure 5). The ietter
tigure also shows experimental d,fl for the same wave period from
Divoky, et al(1970). These profiies ere typical of some 22 ceses so far
reviewed, ‘rom which we tentatively conciude that:

a) Both clited wave theorles converge to common veiocity profiles
that are reasonebly close to the observed velues for smail, but
finite, amplitude, periodic waves In uniform depth; both predict
profiles end grediers that ere much too iarge, when epplied to
waves near the breaking point.

b) Experimentai data In a convergent channei are In ciose agreement

with those measured over a siope, thus justifying the ebove-

cited energy-fiux equivalence. This resuit is of great Importencs,

since It says, in effect, that waves of simllar steepness have
the same veiocity profile and wili break In water of the same
relative depth. This Impiles that the velocity profile Is »
criticai breaking parameter, and Is a much more sensitive index
than the wave profile.

For all wave periods, the time histories of surface elevation at the

shoreline (Station H, Figure 2) consisted of single smooth surges
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Figure  6). Over the 1/25 and /50 slopes, indlvidual crest arrivals
from a five-wave sequence could not be distinguished, although thay show
up as smail perturbations on a 1/12 slope. This result demonstrates tne
importance of wave-wave interactlions over gentie slopes, and accounts for
much of the ambiguity of run-up data prevliousiy reported for breaking
waves (Battjes, 1971). This mass-surging action is clearly of gomirant
importance to nearshore clrculeticn, ang Its elucidation will be one of
the key objectives of our analysis.

in summary, our preliminary data reveal a wealth of heretofore
unstudied phenomena, too numerous to report at this date, but which give
promise of the first significant breakthrough in the study of nearshore
breaking dynamics. Oespite our initlal difficulties with hot=fiim
probes, they have ultimately proved invaluable in determining not oniy
the fiow characteristics, but also the magnitude and range of turbuient
fiuctuations after breaking.
D. CONTINUING WORK

in accordance with our original proposai, a serles of field experi-
ments under natural ocean wave condltions is projected for late summer
and eariy faii, 1971, Cur experiments, agaln confined to determining the
velocity fieid within and near the 5Sreaker zone, will form a portion of
a larger field proyram aimed at measuring varicus other aspects of near-
shore circulaticn., For our purposes, the incoming wave fleid wiii be
monitored by b, ttom-mounted pressure sensors outside the breake~ zone,
and surface elevation, as a function of time, will be recorded at severai
points within the surf zone, using digital wave staffs.

Because the incident wave field comprises a spectrum of wave heights,

directions, and periods, and also because natural waves often combine and
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reform within the surf zone, the veloclty field at a single point cen-
not be determined on a wave-by-wave basis, but instead must be regearded
as a continuum resuiting from the interactions of numerous wave enssmbies.
However, by simultaneously recording wave eievations and the inshore-
offshore and longshore components of velocity at one or more subsurface
points, and by altering the vertical locations of the velocity sensors,
at intervals of, say, 10 minutes throughout a tide cycle, statistics can
be accumulated, which we hope to0 correlate with other deta to interpret
as:

a) The maximum horlzontal veiocity components as a function of wave

height, period, and elevation, and;

b) The mean velocity and momentum as a function of elevetion in

the low-frequency surf-beat modes of the nearshore circulation
system.

The fonvwer we hope will confirm our 1/16 scaie iaboratory experiments,
and the latter wili provide input to the more general problem of the
dynamics of nearshore circuiation.

Our present DISA hot-flim sensors appeer to function satisfactorily
in sea water, and are not significantly atfected by temperature fluctua-
tions over the range normaily encountered on an hour-by-hour basis. Their
range (20-500 cm/sec) |s adequate for the largest anticipated veiocities.
The principai probiems now being investigated Is their sensitivity to
naturai debris and dissoived gases, and methods whereby frequent
cal ibrations cen be conducted In situ. Our present iaboratory calibration
scheme will be resoried to, |f necessary, but we hope to find a more
convenlent means, such as mechanically osciilating the probes at known

Ol

amp!!tudes and frequencies.
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b) Eievation measurements: We are ccnstructing a speciail digital
wave staff 4 m iong, which will accomodate the anticipated
range of wave haights.

c) Sensor platform: We pian to mount both velocity sensors an<
wave statf on faired, rigld struts, dependent from a portabie
platform that can be easily assembied and disassemvied at any
desired point within the surf zone, as shown schematicaily in
Figure 7. The top of the platform will be always above water,
and inciudes provisions for the necessary support eiectronics
and an operators seat. Amplified signais wiil be cable-
transmitted to a shore-based recording van. By instaiiing the
piatform near shore at low tide, intermittent recording through-
out a tide cycle will, in effect, move the surf zone relative
to the platform, such that the entire surf zone can be sampied
in one or two steps.

E. FUTURE STuOY

During our present investigations, we have become aware that there
exists a large "ygrey" area in wave dynamics that is almost compietely
unstudied: the breaking of storm waves in the open sea. While there
have been significant recent advances in the statistical theory of sea
state under storm conditions, there is no mention of, let alone a pre-
scription for, the number of waves that are breaking at any instant.
Yet, aerial photographs indicate that most of the waves are breaking at
elevated sea states. At the same time, it is evident that many practicai
appiications of sea state information would benefit from an understand-
ing of breaking dynamics, and breaking statistics.

a5
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Our present instrumental capabiiity, and the avaiiabiiity of the
new 8' x 8' x 150' ARPA wind-wave channei with a programmed wave generator
and auxi|iary IBM 1130 computer, provide the necessary and compatibie
faciiities for a detaiied study of:

a) Veiocities and acceierations in mixed-frequency, reproducibie

"deep-water' wave systems.

b) Evaluation of breaking instability criteria in two-dimensional,

random seas.

These studies could be iater supplemented with simiiar measurements
at sea, using the SIO Vessel R/V-Filp.

We have solicited advice on, and received strong recommendations for
support of such a study from several authorities in this fleld, and feel
that It represents a naturai continuation of our present investigations.

Because this program does not fali under the category of nearshore
engineering, it wiii be the subject of a separate proposal to ARPA for

consideration for calendar 1972,

i11 FIELD AND LABORATORY STUDY OF THE WATER-SEDIMENT INTERFACE UNDER WAVE
ACTION

The flow conditions in the boundary layer that forms at the water-
sediment interface under wave action are poorly understood. Theoretical
and experimentai studies of the boundary layer over a smooth flat bed have
been carried out with some success. Since smooth bed boundary theory
provides the only mathema”ical modeis for this interface, a summary of
this work and its appiication to the present problem is given In the
following section A-1. Deflinitive studies over a movable sand bed and
over artificiaiiy roughened beds have not yet been made and are now under

86
study.
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inman and Bowen (1963) showed that the boundary layer over sand
beds is dependent upon the nature of the waves above the bed, and upon
the bed roughness (ripples) produced by the interaction of the waves
and the bed. Generaily, the thickness of this boundary layer, referred
to as the "vortex-sublayer" is of the order of the size of the ripples.
They also showed the intensity and direction of particle motion in the
vortex-sublayer is a phase dependent phenomena associated with the bot=
tom roughness. Their experiments, which showed that the difference
between net onshore and offshore motion of sand is related to this
subtle phase~dependent mechanism, led to the concept that the direction
and amount of sand transport couid be controlled by proper!y designed
roughness elements,

The field investigations to date have been directed fowards under=-
standing the motion in the vortex-sublayer. They are not yet completed
because the study has required modification of existing instruments such
as the hydrogen bubble tracer and the high resolution sonar (Section
111=C),

The iaboratory phases of the boundary iayer study and the water-
sediment interface study wiii be conducted in the two wave channels in
the hydraul ic laboratory. The laboratory phase has been delayed because
of the use of these facillties for the study of the velocity field in
breaking waves (Section 1i) and for other ARPA supported projects.
However, initial work on feasibility of phase-dependent roughness eiements
to modify and control sediment movement has started. The resuits to

date from this work are described in section B2,

ar
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A. BACKGROUND THEORY AND EXPERIMENT AT THE WATER-SEDIMENT INTERFACE

1. smooth bottom theory

Present theories for an osciiiating flow over a smooth, stationary
boundary may be traced to Lamb (1932) in which the equations of motion
are solved to yield the equation for the veiocity profiie in the

boundary layer (u).

u = u_, + A exp(-a/é) cos(kx - ot - z/8) (1)
where u = M soplix. < ot) A cos(kx = ot)

© T sinh kh

Is the orbltai veioclty near the boundary assoclated wlth the potentiai

fiow of the progressive wave. The boundary layer thickness & |Is

2)

where H is the wave helght, T Is the wave period, h is the water
depth, L |Is the wavelength, o = 2n/T Is the radlan frequency,

k = 2n/L |Is the wave nhumber, z is the vertical cartesian coordinate which
Is zero at the bottom, and v s the kinematic viscosity of the fluid.
The thickness of the boundary layer & over a smooth surface is about

2 mm for a 10 second wave in 10°C sea water. Longuet-Higgins (1961)

shows that this solution might apply to both laminar and turbuient
boundary layers. Note that equation 1 shows a phase iead for the

veloclty u in the boundary iayer over the veiocity u, fin the poten-
tlal layer just above the boundary. Sleath (1970) found he could predict

the velocity proflie In a wave Induced boundary layer over a flat bed
o}
B
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of coarse sand (median diameter 1030 u) by modifying equation 1:

u = u_ + A exp(-z/cé) cos(kx - ot - z/cé) (2)

where ¢ = 1.8 1is a dimensionless empirical correction factor.

2. boundary layer over a rough bottom

Kajiura (1968) proposed a three iayer modei to describe the boundary
layer under water waves. The turbulent eddy visccsity is different in

each layer. The governing equation in Kajiura's theory is:

2,# »
-l - (3
L
where ut = E; ] is the friction veliocity; t 1is the bottom
stress; p Is the fluid density; | is V=1 ; and, ¢ is the kinematic

eddy viscosity. This equation was soived in each of the three proposed
layers.

Horikawa and Watanabe (1968) conducted experiments in a fiume to
attempt to verity Kajlura's solutions. They used ® hydrogen bubbie
technique to obtain the veiocity as a function of height above the
bottom. These tests were conducted over both smooth and artiticialiy
rough bottoms. Differences between theory and experiment were about
1 to 5%.

Sensing that this modei may be too artificial in that it contains
many arblitrary constants, a modei is being studied with an eddy viscosity
which increases exponentialiy away from the bottom. The proposed model
equations have been transformed to a zero order Bessei equation of the

tform O ('
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2
2 9%y o . §ees2, &
2 rYY] + 2 F 1624y 0 (4)

The solutions of this equation are currently being invistigated as weli
as other types of eddy viscos|ty mode's.
In additlon Johns (1970) proposed that the veloclty In the boundary

layer could be glven by

v u_(x)[1 - r(z')]o"" (5)

where F(z2') satisfies
g?-[eg%r]-zlr - 0 (6)

and 2' = z2/6 |is the non-dimensional distance from the boundery, and
the other terms are as described before.

Johns solves equation (6) numericaily and gives pliots of reai and
Imaginary parts of F(z'). Vaiues from this plot have been used to
compute the velocity as described by equation (5). Figure 8 comparss
the velocity profile obtained by this method with a profiie obtained by
Jonsson (1963). The data of Jonsson (1963) was obtained in an osclli-
lating water tunnel with artificial bottom roughness elements. (f the
mod| fled theory of Johns cen be fitted to the Jonsson data, a possibliity
exlsts to predict the flow field over natural and artificlailly controiled
rough bottoms.

Future work along these iines will consist of programming Johns'
equation (5) and varying ¢ to try and obtaln a better fit between

theory and experiment. a9
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3. Yortex sublayer
All of the preceeding theories wero based on smooth boundary theory

and extended by artificial coefficlents to rough boundaries. Some of
the experiments, notably those of Horikawa and Watanabe and Jonsson
were conducted over artificially rippled bottoms.

Over a rippled sand bottom, inman ang Bowen (1963) esfimated tne
thickness of the boundary layer to be about one-half of the ripple wave-
iength. Further, they described the mechanism by which sand is li¢tec
off the bottom and injected into the water column so it can be transported
(Figure 9). During passage of the wave crest and trough, when there is
the maximum horizontal velocity, eddies form in the iee of the rippie
crests. These eddies are quite intense and entrain sediment from the
lee siops of the rippie. During periods of veiocity reversai, deceiera-
tion perinits The eddies to rise above the rippie crests (to heights
greater than the boundary iayer thickness &), carrying sediment with
them. As the fiow acceierates again this suspended sediment is carried
by the fiow untii it setties out because of grevity.

B. TECHNICAL RESULTS

The field work has concentrated on developing a better understanding
of the processes cccurring at the water-sediment interface over rippied
natural sand bottoms in order to be able to properiy design phase
dependent roughness elements. These preiiminary experiments had to be
carried out because cf the dearth of information on the wave induced
tiuid dynamics over rippled bottoms, Once this work is completed, more
rigorous criteria will be available for the design, construction and

iaboratory testing of phase dependent roughness eiements.

n



1. fFleld sfudlps

The fleid studies were carried out in the ocean to the south of the
end of the Scripps Pier and outside the surf at Ei Moreno Beach on the
Gu't of California. The work at Scripps consisteéed of the photographing
of confetti particies injected in the water-sediment interface and In
the potentiai layer above. Confetti particies were used because they
are more-or-less neutraliy buoyant and they foliow the watar motion
fairiy weii. The photogrephs were taken with a scuba diver operated
16 mm movie camera and were shot against a wire grid for scale. The
grid was iocatad in approximately 6 meters of water and was oriented
normai to the ripplie crests.

Typical particie motion in both the boundery and potential layers
for one of the data runs is shown in Figure 10. This figure shows
confetti particle motion for 17 seconds during a portion of the
observation of time series DAS 250 (spectrum for DAS 250 is shown In
Figure 11). rrom this piot wave period T and instentenecus velocities
in the potential layer can be directly measured. The rippie waveiength
A Is about 10-12 cm, suggesting & by the inman-Bowen criterion would
be about 5-6 cm. The trace of a confetti particie being Iifted by the
expanding lee-vortex is shown in Figure 10. As the particle moves over
the crest Just before the veiocity reversal, it Is caught-up as the eddy
rises and Is swept offshore by the now acceierating offshore fiow, whence
it is transported over severai rippie crests whiie it is settling.

Phase iead in the boundary iayer can aiso be observed with this
technique. This is done by recording the time confett! particles at
different ieveis change direction at veliocity rouversais. For exampie,
during the frames shown in Figure 10, confetti less than 2 cm above the

G
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tho bottom reversed at frames 55-56 whi'. particies 5 cm and abova
reversed at frame 58. This indicates a 1/2 to 3/4 second (14 to 21
degree) phase lead for this wave, which has a period of 13 seconds.
Although the confetti particles follow the fluid fairiy well and
are quite easy to photograph,their actual physical slze and random
placement on the bottom and in tne water coiumn |imiT the boundary layer
resolution. The necesslity of locating the camera housing above the
bottom causes parallax problems at the interface. New techniques are
being developed and tested to improve the resolution at the interface
(see Instrumentation).
During the most recent field trip to El Moreno, Baja California,
Mexico (7-11 May 1971), measurements wero made of wave formed ripples,
in conjunction with a series of other nearshore envirormental meesure-
ments were recorded on a magnetic tape data acquisition system (DAS). Sections
of the bottom, seaward of the breaker 2tne, were sampled with one meter
long, greased metal sheets, 6 inches high. The samples were brought to
shore and ripple wavelength A, height n, and assymetry measured
directiy. The data from four samples taken at approximately the same
place and time during DAS 323 Is given In Table 2. Here XA - 1.93 ¢ 7.1 cm
(95% confidence !imits), and n = 1.3 ¢ 0.5 cm.

2. Laboratory studies of phase dependent roughness eleents

Laboratory work to cetermine the abillty of phase dependent rough-
ness elements to control sediment movement has commenced. Design of
the elements is based on the observation by Inman and Bowen (1963) that
assymetrical ripples can modlfy sedirment transport by enhancing the
formation of vortices during one part of the wave phase relative to

the other part. Since the sand suspension mechanism (and therefore the

SKi
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sand transport) depend on the strength of the vortex, transport aover
asymmetrical ripples is enhanced during one phase relative to the other.

The inltlel tests use an asymmetric ripple form which was constructed
from aluminum shuet and situated in the hydraulic faciliity wave channel.
The ripple form dimenions are shown in Figure 12. This shape results
in a ripple asymmetry factor 8/, of 0.6, where £ Is the horizontal
distance in a down wave direction between the ripple crest and trough.
The dimensions used are commensurate with the naturally formed ripples
of inman and Bowen (1963); with the rippie form reversed such that the
steeper siope faced up-wave.

The wave channel is 27.5 m fong, 84 cm high and 50 cm wide (Figure 13).
The water depth for the study was 36 cm. There Is a sioping, smooth
glass beach down-channei of the work ar:i with a siope of 1:50. This
beach effectively attenuated the wave energy through breaking and run-up,
thus minimizing refiected waves In the channei. in order to reproduce
the horizontai bottom dispiacement of inman and Bowen (l963)(d°- 9.6 cm),
waves of 1.66 second period (T) and 8.5 cm height (H) were used. Wave
heights of 9.2 cm were aiso used (do = 10.4 cm). The particulate
materials used were:

(a) acryiic chips - density = p = 1.20 gn/cm°

(b) polyvinyichioride (pve) chips - p = 1.45 gn/em’

(c) Scripps beach sand - p = 2.65 gm/cm3

The acrylic,with its smaii relative density (p - = 0.20 gm/em”),

Pwater
was used to emphasize the nature of the vortex action over the rippies.
When the wave phase is such that the horizontal orbital motion is down-
channel (corresponding to the passage of the crest), the gentier siope

of the rippie, which is now in the iee of the crest, inhibits the
Qty
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formaticn of a vortex. When the orbitai motion reverses directior and
the vortex rises above the crest, it is relatively weak (Figure Sa).
Converseiy, when the wave phase is such that the norizontal orbitai
motion is up-channei (correspcrnding to the passage ot the 'trough), the
steep slope, which is now in the lee of the crest, aliows a strong vortex
to forn. On trough-to-crest reversels this sTrong vortex Carries roré
sediment and carries iT higher atove the rippie crest than €ogs The
weaker vortex (Figure 9b). The net result Is that sediment transport
is enhanced down-channe! reolative to up-channelr Figure 15 |s an eight
frame sequence photojregh over one wave period showlng the reaction of the
acrylic particies to the wave phase. The phase is indicated by the water
surface trace In the upper part of each frame. |t is seen that the
plumes wver the crests are higher just after the trough-to-crest reversal
(frame 2) than after the crest-to-trough reversal (frame 5).

To study the effect of an artificiai asymmetrical array of ripples
in controlling sediment transport, PVC chips were placed in *tim first
trough (up-wave) and subjectec to the motion of a train of waves of
height H = 8.5 cm and T = 1.6€ seconds. Atter passage of the first
wave crest atout a third of the chips had moved into the trough of the
second ripple. After passage of the first wave trough (i.e., up-channei
orbitai veiocity) only one or twd chips moved up-channei. During suc-
ceeding waves, the chips continued to move exclusively down-wave so that
atter the fourth wave crest some chips had +raversed the whoie ripple
array (21.0 cm). Atter the passage of the fifth wave crest, oniy a few
chips were ieft In the up-wave haif of The array; the majority were
elther In the down-wave half of the array or had traveled beyond the

artificiai array of rippies. oK

% (cf Figure 14 A & B symretrical ripples)
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C. INSTRUMENTATION

LI ﬂlﬂﬁ resoiution sonar

in order to be able to characterize the wave induced boundary iayer
over a rippied bottom,the size of the ripples (wavelength and height)
must De arcurately measured. The old method which empioyed scuba divers
laying plastic T-squares over the ripples worked weii for measuring
rippie wavelength A. No compafable method for accurately measuring
ripple height n was ‘eveioped. Other Iinvestigators at Scripps have

deveioped a high resolution sonar tor analysing the depth of penetration of
the track of an underwater vehicie. We are modifying this Instrument for
accurate measurement of rippie geometry.

The sonar unit will be mounted on a one-to-two meter iong track and
wiil be powered by a small motor. The track wlii be piaced across the
rippies by scuba divers. When actuated the sonar unit will traverse the
track and the difference In phase of the signals wiii be recorded. Using a
3.5 mega H> signai, a resolution of | mm or better is expected.

2. Hydrogen bubble generator

The hydrogen bubble technique has been succsssfuily used in fiume
studies to determine the veiocity proflie in the boundary layer. This
technique empioys a fine piatinum wire (2.5 to 10 u) attached to the anode
of a battery to create a line of hydrogen bubbles. When the wire is
piaced in moving water and activated for a short length of time (approx-
imateiy a mliilsecond) the monolayer of bubbles which formed on the wire
Is swept off by the current and the position of the bubbies as a function
of time describes the fiuid motion. The smaii size of the wire and
hoider permit Insertion directly into the boundary iayer with minimal
distrubance of the fiow. Usualiy In the laboratory the bubble trace is

recorded on motion picture fiim which can then be analyzed frame-by-frame.

96
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This photographic technique will be used Iin the field with appropriate
modifications to compensate for suspended material in the water.

A pulsing circult has been developed to drive the hydrogen bubble
generating wire (Figure 16). The circuit has a variable pulse width
which is changed by changing resistors. Output voltages and pulse
width will be first determined in flume experiments. When final design
is completed, the circuit plus piatinum wire will be mounted on a frame
for in situ boundary layer velocity profile studies,

3. Electromagnetic flowmeter

A great deal of time has been invested In the search for a suitable
flowmeter for the use of the Shore Processes Research Group. Existing
instruments, of the inferential type were reviewed and discarded and the
foilowing guidelines became a policy. Any suitable meter must be:

(a) passive; (b) minimally-inferential; (c) rapld (response time 1/10
second or less); (d) hydrodynamicaily streamiined in form, and of
sufficiently small dimensions to enable the sensing of orbital motion;
(e) capable of sensing at least two orthogonal directions; (f) drift
free; and (g) rellable as flow decreases and approaches zero.

Two meters were seriously consldered:/, and of the two the Colnbrook
meter, modified from the Tucker two-component ships log (Tucker, 1970)
was selected. The Tucker meter was developed to measure ships speed,
and aiso by means of the cross component of flow to measure lee way or

sideways drift of the ship when It is extended below the shlps keel.

a7

*/ Bowen, A. J. and D. L. Inman, 197!, Personal communications
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With a shorter response time it is now available to measure any two
of three components of flow. The sensor Is mounted on a spar in the
water and a coll with an oblate spheroldal shape carries two sets of
t+wo electrodes on its outer encapsulated surface. The shape, I section,
is 11.4 cm on the major axis and 3.8 cm on the minor axls. it is a
bifilar wound coil, center tapped, and each coii half, referenced to a
capacitor, senses one of two components of flow (Figures 17 and 18).

The meter, with three interchangeable sensor heads arrived at Scripps
in July and every effort is being made to pizce the instrumert under

penduium tests in the hydraulic iaboratory wave tank at the earliest date.
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Table 1. Laboratory Wave and Slope Parameters

Wave Perlods (sec) 1.6(6.4) 2.4(9.6) 3.4(13,6) 4.8(19,

Beach Slopes 0.02 0.04 0.08

A-uniform depth B-1/3 toe C-2/3 toe D-break |
to break to break
Stations: point point
(see Figure 2)
E-max horizontal F-early G-late bore H-run=-up
velocity bore

Numbers in ( ) denote prototype vaiues

160



Table 2. Four sets of measurements of ripple wavelength A, and
height n, taken simultaneousiy at one station during

DAS 323.

Sample A n
cm om

1 24,7 3.1
21.8 1.1

18.3 1.5

2 22.8 1.8
17.0 0.5

23.9 0.5

16.1 1.4

3 16.0 1.3
18.8 2.9

18.1 0.7

24,3 0.6

4 16.0 0.7
16.3 0.9

101.
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Figure 3. Relative breaker height versus reletive
breaker depth from unseturated breaker theory .
Our date points are for 1/S = 25,
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Figure 4. Comparison of theoretical and experimental hor zontal
flow velocities under crest and trough for third wave of five
wave sequence In uniform depth.
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wave sequence at breaking point.



‘gz/\ = S edo|s

‘39S 9°| = | PO|JOd “-OU||3I0YS 4E abins dn-una yjoows Bujmoys ‘ecuenbes oAem eAlj jO pIOO6J ow|4 |@|dAy 9 oJ4nbj4

-----

— T T _ 7 T Tl

ol IV aVaVAWAY
————eF T YT




TOP VIEW

CONTROL PANEL -i

DIGITAL
WAVE STAFF
BREAKER »
G/‘
i JHSL
ADJUSTABLE i ——
VELOCITY PROBE || ’ STEPS
| s
! COLLAPSIBLE
| PIPE FRAME
* 108
WOOD BASE =
al

Figure 7. Portable instrument piatform for field measurements within
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Figure 9 A. Selected representative particle trajectories over a rippled
bed (after Inman and Bowen, 1963, vertical scale distorted for representation).



CORRESPONDING ORBIT PHASE >

RIPPLED BED

// CREST \
i

Figure 9B8. Particte trajectories (concluded).
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Figure 15. Photographs taken throuah glass walled 27: m wave Tank.
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Figure 17 . The electromagnetic flowmeter sensor. The head geometry was

chosen for hydrodynamic utility, gives comparatively small emf's.
Approximately ten watts of power gives a sensitivity of about 75uV/knot
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I. SUMMARY

In our annual report for 1970 we stated that, together with a
group at Stanford University, we were involved in a program to
use radar to measure the statistical properties of ocean waves,
particularly the ocean-wave directional spectrum; and that our
immediate goal was the testing of various methods of measuring
the ocean-wave directional spectrum using LORAN signals in prep-
aration for future field experiments using multifrequency, pulsed
Doppler radars. The methods to be investigated were 1) monostatic
zeometry with an antenna array, 2) bistatic geometry with simple
antennas, and 3) monostatic geometry using a synthetic aperture

(side-looking radar).

The major proportion of our work for the first six months of the
contract has been directed towards the construction of equipment
necessary to investigate these methods. Some of this equipment

has been constructed, and the rest is in the final stages of
construction, so no technical reports are presently available;
however, a brief description of each item is included here. The
remainder of our work has been concerned with 1) planning an exper-
iment designed to both test the bistatic method and to obtain good
directional spectra of ocean waves, 2) writing computer programs to
analyse this data, and 3) examining the mechanisms producing second-
order scattering of radio waves from ocean waves, and its importance

in our experiments.
n23

11, TECHNICAL REPORT

A. Second Order Theory

About six months ago, Hasselmann1 proposed that the second-order
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scattering of radio waves from the sea should produce sidebands
to the first-order Doppler spectrum, that these sidebands carried
important information about the ocean waves, and that they should
be strongest when large, low-frequency, ocean waves are present
during the measurement of higher-frequency ocean waves. We have 1
examined the various mechanisms involved in this scattering and
estimated the strength of the sidebands produced by the most
important of them, Under some conditions these sidebands can be

J quite large, and could confuse the interpretation of the data

obtained by the bistatic or synthetic-aperture experiments, A
brief description of this work is given in the appendix, a

summary of an invited lecture to be given at the 1971 IEEE

International Antennas and Propagation Symposium and USNC/URSI

Meeting in Los Angeles.

B.  EQUIPMENT g
1, 30 MHz Radar

Because of the potential importance of second-order
scattering, and because of the lack of experimental
verification of its existance, we wish to measure 30
MHz radio waves backscattered from the sea while large,
low-frequency ocean waves are also present in the
scattering area. To this end, the group at Stanford

has constructed a simple, 30 MHz, pulsed-Doppler radar.

The radar transmitter consists of a frequency synthesizer

which produces a constant, stable, 30 MHz signal; a

balanced mixer to switch this signal on and off to

produce a pulsed, 30 MHz, wave train; and a linear
el

v L™
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2,

amplifier. The width of the pulse is variable: 10, 50,
100, and 200 u seci the pulse repetition rate is 2.5 KHz:

and the transmitted power is approximately one watt,

The receiver consists of a radio-frequency amplifier,
demodulator, and a low-pass amplifier. The received signal
is recorded in analog form on magnetic tape. Some components
of the radar (i.e. the frequency synthesizer and linear
amplifier) already existed: other components were designed
and fabricated at Stanford. The radar set is now complete

and is being tested.

Portable LORAN Receiver

Both the side-looking radar and the bistatic-geometry
experiments require a portable, LORAN receiver that is self
contained, easily operated, and which uses relatively little
power. The previous receiver (used in the first LORAN experi-
ments) required a bulky frequency synthesizer and tape recorder.
The signal from the receiver was degraded by the analog tape
recorder; and, in addition, drifts of the stable oscillator's
frequency caused drifts in the position of the digitized ranges.

S a new receiver was necesSsary.

This new receiver 1) uses a stablized quartz crystal as a
stable oscillator, 2) locks to the LORAN transmitter pulse
rate, 3) digitizes the data, stores it in a temporary memory,
and writes it in serial form on a cassette tape recorder, and
4) operates automatically (automatically locks to the desired

LORAN signal and blanks out interfering signals). The entire

125
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.3.

Antennas

receiver is compact, uses about 100 watts of power, and its
frequency stability exceeds that of the California LORAN

stations.,

Bistatic-geometry experiments require an antenna to select

the signal scattered from one of four symmetric points on

the scattering ellipse, This could be done using several
slightly selective antennas (ones having a beamwidth of say
100°%), for example, by switching between two cardioid antennas
set at right angles to each other, or by shifting the phases
of the signals from two vertical antennas separated by some

distance,

To test the usefulness of the cardioid antennas, the Stanford
group has attempted to build small, ferrite-core, loop
antennas: but failed to produce a good cardioid pattern because
1) the loop was sensitive to nearby conductors, and 2) it was
difficult to match the loop to its vertical reference antenna,
Furthermore, it was hard to adjust the impedence of the
antenna to that of the receiver and still have both operate

effectivelyv,

Pitch-and-Roll Buoy

The design of this buoy and its data-recording system was

completed in 1970, and the buoy was briefly described in the

last annual report. Basically the buoy consists of a five-
foot-diameter disc containing a vertically stablized

accelerometer and a low-power, data recorder. It will be
120
wis Bow ‘.‘
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used to measure the ocean-surface height and slope at a point,
from which the first five Fourier coefficients of the angular
distribution of ocean-wave energy can be computed. The buoy
is being constructed by Honeywell Marine Systems of Seattle

to our specifications. Delivery 1is expected someé time in

July 1971,

One low-power, data recorder, which will be installed in the
pitch-and-roll buoy, was constructed by Monitor Labs, again

to our specifications. and delivered on 2 July 1971, The

data recorder samples up to eight channels of analog data,
converts each sample to & 12-bit, digital word, and writes it
onto seven-track, magnetic tape€. The number of data channels,
the rate they are scanned, the number of scans per tape record,
and the number of records per file are variable. Provision is
made for turning of f external equipment after a set number of
records or files, waiting a variable incterval of time, and then
restarting the equipment and data recording. In addition, the
recorder includes an accurate, digital clock; and, once per tapeé
record, a time word (consisting of minutes, hours, days, and
year) is written. The entire system, excluding the tape€ recorder,
uses about 80 mw of power (the tape recorder requires oné watt)

and fits easily into the wave buoy.

LORAN Data Analysi.s

The bistatic geometry LORAN experiment will produce large
amounts of data which must be processed in a straightforward,
but time consuming manner; so we have spent some time writing

efficient programs tO process this data.

127
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The LORAN data consists of 8-bit digital samples of the received
radio signals as a function of range for each LORAN pulse. This
data must be translated into computer words, interchanged to
obtain the time history of tlie scattered signal at a particular
range, Fourier transformed to obtain the Doppler spectrum at this
range, and then plotted in some suitable cordinate system (such

as range-Doppler, ocean-wave number space, etc.) before the data
can be interpreted and related to the statistics of the sea
surface. Since adequate resolution in range-Doppler space may
require 2048 samples at each of 64 ranges for a single range-
Doppler plot, large-amounts of data must be processed. Preliminary
data reduction on an IBM 1800 computer indicated that seven hours
of computer time would be required to process 15 minutes of LORAN
data. (This would produce a single range-Doppler plot.) More
efficient programs written for a Burroughs 6700 computer indicate
that this work could be done in 30 minutes, and future improvements

in the programs are expected to reduce this time to 15 minutes.,

Bistatic Geometry Experiment

During the first week of September we plan to conduct a bistatic
experiment with two, perpendicular baselines using LORAN signals.
This experiment is designed to 1) test the feasibility of making
precise Doppler measurements from a small ship in a trade-wind
region, 2) test a shipboard antenna system suitable for bistatic
measurements, and 3) obtain accurate, directional spectra of 7

to 10 second ocean waves in a homogeneous, trade-wind area.

Suitable perpendicular baselines in a trade-wind area can be

obtained by placing a receiver on a ship situated anywhere

!
we e b
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along a circular arc north of Hawaii depicted in Figure 1,

during the summer months when the trade winds extend over this
region. The expected ocean-wave-number coverage obtained with
this geometry is shown in Figure 2, assuming waves at a distance
of 1,67 baseline units can be observed. In this figure the

wave numbers have been scaled by the maximum wave number observed,
i.e., the wave number which backscatters the 1,85 MHz LORAN
signals: 1/(81m)., Furthermore, if the ship is positioned so

that one of the baselines is perpendicular to the trades, the
symmetry of the wave field with respect to the wind will coincide
with one of the symmetries associated with the scattering ellipse.

This may be useful in simplifying the analysis of the data,

During the experiment, radar data will be recorded by the new
LORAN receiver; and, at the same time, ocean waves will be
recorded by the pitch-and-roll buoy. Computer programs for the
analysis of the LORAN data have been written, and a preliminary
analysis of the data should be completed a few weeks after the

data is recorded.
12¢
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Ocean wave number coverage for bistatic experiment.
Shaded areas show those wave vectors (k' k') which
scatter radio waves from the transmitter§'to the
receiver, assuming two perpendicular baselines and no
scattering from ranges greater than 1,67 baseline units,
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Appendix I

HIGHER ORDER SCATTERING OF RADIO WAVES FROM THE SEA

Robert H. Stewart, Scripps Institution of Oceanography,
University of California, San Diego

The subject of radio scatter from the sea has been studied for
several reasons. Scattered radio waves are primarily responsible
for the attenuation of radio waves propagating near the sea sur-
face; and, in addition,measurements of the scattered radic field
can be used to measure the statistics of ocean waves.

A number of workers, - including Barrick, Wait, and Bass have con-
tributed to the theory of radio scattering from the sea, and the
reader is refered to Barrickl:2for an introduction to the subject.
Because of the mathematical difficulty involved in satisfying the
boundary conditions at the sea surface, neither the radio nor the
ocean wave field has been calculated exactly, and most work has
been - concerned with the lowegt order interaction between the two
fields. Recently Hasselmann® has considered some aspects of the
next higher interaction. In this paper we wish to examine in some
detail the processes involved in this interaction.

If the radio and ocean wave fields are expanded in series of plane
waves of the form exp[i(kj'5 - wjt)], where k is the horizontal
wave number and w the fréquency, then the field produced by the
interaction of these two fields will also be of this form, say
expli(kg-¥-wst)]; and kg =Issks, wg=Lsjws, where s=+ or -. The
lowest order interaction i5 "between “an incident radio wave i
scattering from an ocean wave o, producing a backscattered wave s,
So kg=kitk,, and the backscattered wave will have a doppler fre-
quency w4swg-wi=*fwg. Furthermore, backscatter requires kg=-ki,

80 kKo=12k;.

At the next order, an incident radio wave 1 interacts with two
ocean waves 1 and 2 to produce a backscattered radio wave s; and:
ks = kitkitkys wg=twjtws. In this case, the wave number vectors
must form a closed polygon as shown in figure 1, and the doppler

S(w)
4)/\& i | -wo L hwo
fmip
ki -Ks L |
Figure 1. Schematic wavenumber Figure 2. Schematic doppler
polygon. spectrum.
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spectrum is composed of four sidebands adjacent to the two primary
lines as shown in figure 2.
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Figure 3. Curves of constant w' in k space. a) vk[+/ki=u'; L)
l-lF;Em' ; both for w'=n/6. Values of n are next to the curves.

The introduction of the dispersion relation for ocean waves, w=vgk
constrains the interaction. All interacting ocean waves producing
the same wy must lie on the locus /k, ¢/ky = wy , where k=|k|.
Furthermore, all waves between the curve% defined by wy and wyt+éuw

contribute to the same doppler band. A number of these curves are
shown in figure 3 for equal increments in w, given by u'tud/uosnlﬁ
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Appendix

The value of n is given next to each curve; the wavenumbers are
scaled by k'=k/k,=k/2k; , and the curves are symmetric about both
axes. Note:l) near w} = /2 a small change in w' produces a
large proportionate change in )k space, so many waves can contri-
bute to the doppler band about this frequency; and 2) for ky>> kg
the curves are circles centered at (:1/2, 0).

The higher order interactions between conservative fields having a
dispersion relation can be written as the sum over all possible
cascades of first order interactions . The possible cascades »ro-
ducing figure 2 are shown in figure 4. Here the first urder Iinter-
actions occur at the nodes, and intermediate waves are denoted by
K.

-»

" .
K =
kg
31 k,
=5
K
L9
k)

Figure 4. The only two possible cascades of first order inter-
actions producing the interaction shown in figure 2.

In 4a), X must be a virtual ocean wave (cne which does not obey &
iispersion relation). In 4b), K can be a real or a virtual radio
wave. Of these three processes,ia) is probably the most important.

The total integrated strength of each sideband resulting from this
interaction can be estimated easily if: 1) ky>>ky9, 2) the two
dimensional ocean wave spectrum is peaked near k;, 3) the ocean
wave directional spectrum varies as the cosine squared abou’ the
direction of k; or 3 s and 4) { {is a surface wave. With the
first assumption, 5 virtual ocean wave's spectrum has the form
CF(ks;)df; F(k2)ek cos?01/2 §(kk, :kq $(utwtw,) + similar
terms at &(w), § fu.zu ), and 8(w2wy ). flere 0 1Is the angle be-
tween k; and k, , and F(g)dx is the two dimensional ocean
wave spectrun. ?th the additional three assumptions the ratio of
the power of the integrated second order sigdeband,E,, to the power
of the first oider line, E; is E,/E, = 3 ky“A/8, where A is the
mean square ocean surface elevu jon. 1f ky, =z a/m , E,JE, = ]
when the mean wind %s 10m/s, assuming the sea “an be dcscaibcd by
a Pierson-Moskowitz™ wave spectrum. Under these rather genera.
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Appendix

conditions the second order sidebands can be quite strong. But
the simple relationship between the doppler sidebands agd the one
dimensional ocean wave spectrum proposed by Hasselmann” {is some-
what modified by the cosine squared weightling function in the sec-
ond order ocean wave interaction. This will not be important if
the ocean waves are primarily in the radio wave direction,but wil)
be important if they are perpendicular.
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